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of Tennessee-Oak Ridge National Laboratory, KnoxvilleSmall non-coding RNAs regulate gene expression in a sequence-speciﬁc manner. In Drosophila,
Dicer-2 (Dcr-2) functions in the biogenesis of endogenous small interfering RNAs (endo-siRNAs).
We identiﬁed 21 distinct proteins that exhibited a P1.5-fold change as a consequence of loss of
dcr-2 function. Most of these were metabolic genes implicated in stress resistance and aging. dcr-
2 Mutants had reduced lifespan and were hypersensitive to oxidative, endoplasmic reticulum, star-
vation, and cold stresses. Furthermore, loss of dcr-2 function led to abnormal lipid and carbohydrate
metabolism. Our results suggest roles for the endo-siRNA pathway in metabolic regulation and
defense against stress and aging in Drosophila.
 2011 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction respectively, from their longer double-stranded RNA (dsRNA)In many animals, small non-coding RNAs are key regulators of
gene expression that play critical roles in diverse cellular processes,
antiviral responses, and genome stability [1]. These RNAs fall into
three fundamental classes: small interfering RNAs (siRNAs),
microRNAs (miRNAs), and Piwi-interacting RNAs (piRNAs) [1]. In
Drosophila, each class of small RNAs is produced through different
mechanisms and is associatedwithdifferent effectors of theArgona-
ute (Ago) protein family to mediate silencing of cognate transcripts
[1]. Two distinct RNase III enzymes, Dicer-1 (Dcr-1) and Dicer-2
(Dcr-2), process approximately 21- to 23-nt miRNAs and siRNAs,chemical Societies. Published by E
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endoplasmic reticulum; hsp,
nteracting RNA; siRNA, small
-J. Han), +82 2 926 9746 (Y.S.
lee@korea.ac.kr (Y.S. Lee).
ce and Technology, University
, TN 37996, USA.precursors [2]. In contrast, biogenesis of approximately 24- to
30-nt piRNAs that primarily protect the animal germline from trans-
posons is independent of Dicer [3]. miRNAs and siRNAs are loaded
predominantly into Ago1 and Ago2, respectively, while piRNAs
associate with Piwi proteins of the Ago family [1].
siRNAs were originally thought to arise from experimentally
introduced dsRNAs or viral infection [4]. However, recent studies
have demonstrated the prevalent existence of another class of siR-
NAs (termed endo-siRNAs) that are endogenously expressed in both
the germline and soma of ﬂies [5–10]. In Drosophila, endo-siRNAs
are produced in a Dcr-2-dependent manner and originate from
transposable elements, long transcripts with extended hairpin
structures, and double-stranded regions annealed between conver-
gently transcribed mRNAs. These ﬁndings suggest that the endo-
siRNA pathway can repress a variety of protein-coding genes in
addition to providing a defense against transposons. Endo-siRNAs
have also been identiﬁed in Caenorhabditis elegans and mammals
[11], suggesting conserved roles for the endo-siRNA pathway in
gene regulation and transposon suppression. In Drosophila, the
endo-siRNA pathway has been shown to be involved inmaintaining
resistance to temperature ﬂuctuations and in heterochromatin for-
mation in somatic tissues [12,13]. In C. elegans, endo-siRNAs havelsevier B.V. All rights reserved.
3080 D.-H. Lim et al. / FEBS Letters 585 (2011) 3079–3085been suggested to play a role in spermatogenesis [14]. However, the
consequences of lacking endo-siRNAs are largely unknown.
In this study, we took advantage of the fact that Drosophila pos-
sesses two distinct Dicer proteins with clearly different functions
in the biogenesis of small RNAs to uncover the physiological role
of the endo-siRNA pathway in animals. We provide evidence sup-
porting a requirement for the endo-siRNA pathway in energy
homeostasis and protection against stress and aging in Drosophila.2. Materials and methods
Drosophila strains, two-dimensional gel electrophoresis and
protein identiﬁcation, Western blotting, quantitative RT-PCR,
climbing assay, stress resistance and lifespan assays, nutrient mea-
surements, food intake assay, and statistical analysis. (See Supple-
mentary Materials and Methods).3. Results and discussion
3.1. Identiﬁcation of proteins with altered expression as a result of
defective endo-siRNA production
To investigate physiological functions associated with endo-
siRNAs, we initially used a proteomic approach with age-matched
wild type and homozygous dcr-2 mutant ﬂies. To better resolve
proteins by two-dimensional gel electrophoresis, the proteome
proﬁles of heads and bodies from adult ﬂies were analyzed sepa-
rately, rather than using whole-ﬂy proteomes. In addition, we used
two independent dcr-2 mutant lines homozygous for dcr-2L811fsX
and dcr-2R416X null alleles, respectively, to conﬁrm the identity of
proteins whose levels are affected due to speciﬁc loss of dcr-2 func-
tion [2]. Furthermore, both dcr-2mutants had comparable levels of
Dcr-1 and Ago1 proteins, core components of the miRNA pathway
[2,15], and other RNAi pathway components, including Ago2 re-
quired for endo-siRNA stability [6,8,10] (Supplementary Fig. 1).
As expected, the dcr-2mutants lacked the Dcr-2 partner R2D2 that
is stabilized through physical interaction with Dcr-2 [16] (Supple-
mentary Fig. 1). R2D2 is dispensable for the biogenesis of endo-
siRNAs and miRNAs [6,17], but is required for the loading of
endo-siRNAs into Ago2 [18]. Accordingly, any changes in protein
abundance in dcr-2 mutants could be attributed speciﬁcally to
defects in the endo-siRNA pathway.
Comparative proteomics using two-dimensional gel electropho-
resis revealed that the abundance of 15 and 16 protein species in
the head and body, respectively, constituting 1.6–1.9% of the
detectable spots in each proteome, changed by more than 1.5-fold
as a consequence of defective endo-siRNA production (Supplemen-
tary Figs. 2 and 3). This limited change in protein abundance in the
absence of Dcr-2 activity suggests that endo-siRNAs play a selec-
tive role in regulating gene expression in Drosophila. In support
of this, dcr-2 null mutants are viable with no overt phenotype
[2]. However, the limited number of altered proteins could also
be due to poor resolution of high molecular weight proteins, an
inability to detect relatively low-abundant protein species, or be-
cause our protein samples lacked membrane components.
The proteins that were differentially regulated in dcr-2mutants
were subjected to peptide mass ﬁngerprinting analysis by matrix-
assisted laser desorption/ionization time-of-ﬂight mass spectrome-
try. In dcr-2mutant heads, 13 spots (87%; three up-regulated and 10
down-regulated) were identiﬁed as corresponding to 10 different
proteins, while in dcr-2 mutant bodies, 14 spots (94%; two up-
regulated and 12 down-regulated) represented 11 distinct proteins
(Table 1). Some of the same identiﬁed proteins were detected inseveral spots, possibly arising frompost-translationalmodiﬁcations
(Supplementary Figs. 2 and 3). However, there was no overlap
between differentially expressed head and body proteins. This
might be due to a difference in abundance and/or poor resolution
of each proteome by standard two-dimensional gel electrophoresis.
Alternatively, a lack of overlap in these expressed proteins could re-
sult from differential expression proﬁles of endo-siRNAs between
the head and body of adult ﬂies. We next investigated whether the
changes in protein levels in dcr-2 mutants were also observed at
the mRNA level. Among the genes assessed by quantitative RT-
PCR, three head (CG4408, CG11841, and CG6776) and three body
(CG6084, CG11661, and CG4466) transcripts had at least a 1.5-fold
change in both dcr-2 mutants in the same direction as their corre-
sponding proteins, whereas others showed no signiﬁcant change
(Table 1; Supplementary Fig. 4). Endo-siRNAs previously identiﬁed
in Drosophila ovaries and S2 cells matched perfectly some of the
genes that were misregulated in dcr-2 mutants [6–8], including
CG4408, CG3957, CG17927, CG6776, CG5028, CG3703, and CG11661
(Table 1). Genes negatively regulated by endo-siRNAs are presumed
to be derepressed in dcr-2mutants. Although it remains to be deter-
mined whether the endo-siRNAs that match dcr-2-regulated genes
are expressed in the head andbodyof adult ﬂies,most of the changes
in the dcr-2mutants showed a reduction rather than an increase in
protein abundance, as did the corresponding transcripts. These data
suggest that most of the alterations observed are not attributable to
a direct effect of endo-siRNAs. However, CG4408 was up-regulated
both at themRNA and protein levels in dcr-2mutant heads, suggest-
ing that the repression observed in the wild type head is a direct ef-
fect of endo-siRNAs. The dcr-2-regulated proteins in the head could
becategorized into three functional groups, ofwhich the largest con-
tains six proteins associated with cellular metabolism. The two
other groups consist of three proteins linked to development and
one protein involved in stress response. Similarly, eight of the pro-
teins showing altered abundance in the dcr-2mutant body function
in cellular metabolism, among which carbohydrate metabolism is
highly represented. The remainingproteins are involved in stress re-
sponse (two proteins), and the cell cycle (one protein). Among the
dcr-2-regulated proteins, several were of particular interest. One of
the proteins with altered levels in the dcr-2 mutant head is the
Drosophila ortholog (dG9a) of amammalian histone H3 Lys-9meth-
yltransferase that was previously identiﬁed as a dominant suppres-
sor of heterochromatic silencing known as position-effect
variegation in Drosophila [19]. The drastic down-regulation of
dG9a observed in the head of dcr-2 mutants was conﬁrmed by
Western blot analysis (Supplementary Fig. 5). The remaining pro-
teins have been reported to be relevant to stress resistance and
aging. The tricarboxylic acid cycle enzyme nicotinamide adenine
dinucleotide phosphate-dependent isocitrate dehydrogenase has
been implicated in oxidative stress resistance and lifespan in
Drosophila [20], and deﬁciency of the glycolytic enzyme triose
phosphate isomerase causes reduced lifespan [21]. In this study,
two isoelectric variants of isocitrate dehydrogenase and triose
phosphate isomerase exhibited opposite patterns of regulation in
dcr-2 mutant heads and bodies, presumably due to alterations in
post-translational modiﬁcations (Table 1). Heat-shock protein 27
(Hsp27) displayed a decreased protein level in the body of dcr-2mu-
tants. Members of the small Hsp family are stress-inducible chaper-
ones that protect cells against a variety of stressful stimuli and the
aging process [22]. In Drosophila, hsp27 is involved in lifespan and
stress resistance [23,24]. The product of CG6776, which was
down-regulated in the dcr-2mutant head, is amember of theOmega
subfamily of glutathione S-transferases implicated in cellular
detoxiﬁcation. Expression of CG6776 was previously shown to be
increased in response to oxidative stress [25].
Table 1
List of dcr-2-regulated proteins identiﬁed in Drosophila heads and bodies.
Spot No. Protein namea FBgn No.b pIc/pId MWc/MWd Coveragee (%) Est’d Zf Ratio (dcr-2/wild type)g Annotationh
dcr-2L811fsX dcr-2R416X
Head
H1 CG4408# FBgn0039073 6.1/6.75 53.34/56.77 21 1.58 + + Metallocarboxypeptidase activity
H2, 3 Isocitrate dehydrogenase (CG7176) FBgn0001248 6.3/7.51
6.3/6.76
47.04/50.36
47.04/50.95
61
45
2.42
2.31
+

+

Isocitrate dehydrogenase (NADP+) activity
H4 Fasciclin 1 (CG6588) FBgn0000634 6.4/7.62 72.45/92.85 23 2.37 + + Cell adhesion molecule binding
H5 Wing morphogenesis defect (CG3957)# FBgn0034876 6.1/4.31 36.45/35.06 26 1.96   Receptor binding
H6, 7, 8 Myosin heavy chain (CG17927)# FBgn0086783 5.5/5.20
5.5/5.24
5.5/5.27
135.69/145.94
135.69/141.37
135.69/145.33
27
29
18
1.85
2.25
1.33






Cytoskeletal protein binding
H9 dG9a (CG2995) FBgn0040372 5.9/5.24 184.42/153.64 16 1.44   Histone–lysine N-methyltransferase activity
H10 CG11841 FBgn0039628 5.4/5.50 36.15/40.71 22 1.55 0.10*** 0.10*** Serine-type endopeptidase activity
H11 CG4842 FBgn0036620 5.8/6.45 28.42/31.68 25 2.17 0.14***  Alcohol dehydrogenase activity
H12 Yolk protein 1 (CG2985) FBgn0004045 7.2/6.71 48.75/52.13 36 2.35   Catalytic activity associated with sex differentiation
H13 CG6776# FBgn0035904 6.5/7.5 27.76/31.79 31 1.79  0.16*** Glutathione transferase activity
Body
B1, 2 Triose phosphate isomerase (CG2171) FBgn0086355 5.7/6.27
5.7/5.52
26.89/23.43
26.89/23.62
37
41
2.36
2.36
2.17
0.45**
2.66*
0.12***
Triose phosphate isomerase activity
B3 CG5028# FBgn0039358 6.3/6.96 44.64/44.23 27 2.35 1.90 2.42 Isocitrate dehydrogenase (NAD+) activity
B4 sds22 (CG5851) FBgn0028992 4.9/4.43 37.89/44.23 31 2.37 0.20*** 0.65* Protein phosphatase type 1 regulator activity
B5 PCI domain-containing protein 2 (CG7351) FBgn0036184 9.2/4.74 45.85/59.07 14 0.74 0.46** 0.36** Calcium-independent phospholipase A2 activity
B6 CG9512 FBgn0030593 6.2/6.78 69.27/69.07 19 2.28 0.47** 0.59* Choline dehydrogenase activity
B7 CG3703# FBgn0040348 5.5/7.24 78.53/60.91 14 1.21 0.26** 0.46⁄ Unknown
B8 CG6084 FBgn0086254 6.2/7.64 36.19/38.13 30 2.34 0.56*** 0.57*** Aldehyde reductase activity
B9 CG10467 FBgn0035679 6.3/7.51 39.89/43.42 23 2.12 0.46**  Aldose 1-epimerase activity
B10 Elongation factor Tu mitochondrial (CG6050) FBgn0024556 8.6/7.62 54.49/47.60 33 2.26 0.52** 0.50** Translation elongation factor activity
B11, 12, 13 Neural conserved at 73EF (CG11661)# FBgn0010352 6.4/7.47
6.4/7.57
6.4/7.66
113.42/105.90
113.42/105.33
113.42/105.24
23
16
9
2.15
1.55
1.87
0.47**
0.38***
0.48***
0.54**
0.49***
0.46***
Oxoglutarate dehydrogenase (succinyl-transferring) activity
B14 Heat shock protein 27 (CG4466) FBgn0001226 6.9/8.68 23.66/27.55 23 1.39 0.35*** 0.33** Response to heat
a The identiﬁed proteins are described by protein name and/or computed gene (CG) number.
# Indicates perfect match with cloned endo-siRNAs [6–8].
b The FlyBase gene number was obtained from the FlyBase database (http://www.ﬂybase.org).
c Theoretical isoelectric point (pI) or molecular mass (kDa) of the matching protein.
d Experimental isoelectric point (pI) or molecular mass (kDa) of the matching protein.
e Percentage sequence coverage of the full-length protein by tryptic peptides.
f Estimated Z value indicates the quality of the ProFound search result.
g For qualitative changes, + and  indicate the presence and absence, respectively, of the protein spot from the dcr-2 mutant compared with the wild type. The volume ratio of each dcr-2 mutant to the wild type for each
differential spot was calculated to analyze the quantitative change in abundance. Averages of values from three independent experiments are shown.
* P < 0.05.
** P < 0.01.
*** P < 0.001, compared with the wild type, by analysis of variance test followed by Dunnett’s multiple comparison test.
h Annotation according to the FlyBase database.
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3082 D.-H. Lim et al. / FEBS Letters 585 (2011) 3079–30853.2. Defective endo-siRNA production reduces stress resistance and
lifespan
Based on our ﬁndings that proteins associated with stress
response and aging are differentially regulated in dcr-2 mutants,
we examined the physiological effect of defective endo-siRNA
production on stress resistance of adult ﬂies. Prior to performing
the stress tests, we ruled out alterations in the viral load in dcr-2
mutants that could result from defects in antiviral defense [26,27].
As assessed by quantitative RT-PCR, RNA viruses including ﬂock
house virus, cricket paralysis virus, and Drosophila C virus were
not detected in eitherwild type or dcr-2L811fsX ﬂies (data not shown),
demonstrating that dcr-2 mutants do not have stress due to in-
creasedviral load. In addition, the locomotor activity ofdcr-2mutant
ﬂies was comparable to that of controls (Supplementary Fig. 6A),
suggesting that they do not display a generalized sickness due to
mutation. When fed paraquat, an acute reactive oxygen species
generator [28], both male and female dcr-2L811fsX mutants showed
reduced survival compared with controls (Fig. 1A; Supplementary
Fig. 8). Similar results were obtained with dcr-2L811fsX/dcr-2R416X
transheterozygotes, indicating that the effect was not caused by a
second-site mutation (Supplementary Fig. 7). In addition, we ob-
served that dcr-2L811fsXmutants of both sexes had reduced resistance
to starvation, DTT-induced ER stress, and cold stress (Fig. 1; Supple-
mentary Fig. 8). All of these phenotypes were suppressed by the
presence of two copies of an N-terminal hemagglutinin-tagged ver-
sion of the dcr-2 genomic transgene (referred to as HA-dcr-2) that
could completely rescue an RNAi-defective phenotype associated
with dcr-2mutants (Fig. 1; Supplementary Figs. 8, 9 and 10), indicat-
ing that the stress-related phenotypes were attributable to disrup-
tion of Dcr-2 activity. Collectively, our results suggest a protectiveA
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Fig. 1. Loss of dcr-2 function reduces resistance to multiple stresses. Ten-day-old male
starvation (C), or cold stress (D). Survival curves were plotted as the mean percentage of
point across all experiments for a given genotype. Rectangles,wild type; triangles, dcr-2L81
log-rank test.role for the endo-siRNA pathway under stress conditions in
Drosophila.
Stress resistance is often associated with interventions that
affect lifespan [29]. Therefore, we measured the lifespan of dcr-2
mutants under normal conditions at 25 C. The median lifespan
of dcr-2L811fsX and dcr-2R416X mutants was reduced by 27–36% in
males and by 36% in females, compared with controls (Fig. 2).
Similarly, a reduction in the median lifespan was also observed
in dcr-2L811fsX/dcr-2R416X transheterozygotes of both sexes (Fig. 2).
The reduced lifespan observed in dcr-2L811fsX mutants was rescued
by the presence of two copies of the HA-dcr-2 transgene.
3.3. Energy metabolism is altered by defective endo-siRNA production
InDrosophila, lipid accumulation is strongly correlatedwith star-
vation resistance [30]. To determine whether reduced resistance of
dcr-2mutants to starvation was accompanied by a decrease in lipid
content we measured the levels of triglyceride, the major form of
lipid storage in ﬂies. Compared with controls, triglyceride content
in dcr-2 mutants was signiﬁcantly reduced by 28–50% in larvae
and 21–49% in adult ﬂies of both sexes (Fig. 3A). Lower triglyceride
levels in dcr-2mutant ﬂies are unlikely to arise from feeding abnor-
malities because no signiﬁcant change in food intake was observed
in these animals (Supplementary Fig. 6B). The reduced triglyceride
levels in dcr-2 mutants were suppressed in the presence of the
HA-dcr-2 rescue transgene (Fig. 3A). These results suggest that the
regulatory function of endo-siRNAs is involved in lipid metabolism.
In addition to lipids, nutrients are stored in different forms of
carbohydrates in ﬂies. Glycogen is the major intracellular energy
store for carbohydrate, while trehalose (a disaccharide of glucose)
and, to a lesser extent, monomeric glucose function as circulating0 10 20 30
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surviving ﬂies in three replicate experiments (20 animals each) ±SEM at each time
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Fig. 2. Loss of dcr-2 function reduces lifespan. The median lifespan of homozygous and transheterozygous dcr-2mutants was reduced by 18–36% in males (A) and by 27–36%
in females (B), relative to wild type controls (n = 300/gender/genotype; P < 0.001 by log-rank test). Genotypes and genders are indicated on the graphs. Survival curves were
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Fig. 3. dcr-2 Function is required for metabolic regulation. (A) Whole-animal triglyceride levels were measured in third-instar larvae (left) and male and female ﬂies (right) of
each indicated genotype under fed conditions and normalized to total protein levels. (B) Hemolymph carbohydrates (trehalose and glucose) were measured in third-instar
larvae of the indicated genotypes after 5-h starvation. (C) Whole-animal glycogen content was measured in male ﬂies of each indicated genotype under fed conditions and
normalized to the amount of protein. In all panels, data are presented as mean ± SEM. ⁄P < 0.05; ⁄⁄P < 0.01; ⁄⁄⁄P < 0.001 by analysis of variance with supplementary Dunnett’s
test.
D.-H. Lim et al. / FEBS Letters 585 (2011) 3079–3085 3083hemolymph sugars whose levels are tightly controlled [31]. Alter-
ations in lipid metabolism are linked to changes in circulating
sugar levels [32]. Consistent with this, the levels of circulating
hemolymph sugars were decreased by 10–14% in dcr-2mutant lar-vae compared with controls (Fig. 3B), suggesting that the endo-
siRNA pathway is involved in glucose homeostasis. Normally,
excess energy is stored and then mobilized when needed [31,33].
In accordance with reduced circulating sugar levels, glycogen
3084 D.-H. Lim et al. / FEBS Letters 585 (2011) 3079–3085levels in male dcr-2mutant ﬂies were 25–28% higher than those of
controls (Fig. 3C), while these levels remained comparable in
females (data not shown). As lipid content is critical for supporting
an animal during starvation [30], dcr-2mutant male ﬂies with low-
er lipid levels but elevated glycogen levels could be more sensitive
to starvation than controls. Alternatively, they might have defects
in mobilization of glycogen stores in response to starvation. Again,
these phenotypes associated with carbohydrate levels could be
suppressed by the presence of the HA-dcr-2 rescue transgene
(Figs. 3B and 3C), suggesting that dcr-2 function is required for
carbohydrate homeostasis.
In Drosophila, Dcr-2 is required for generating endo-siRNAs that
can regulate the expression of cellular genes. In this study, we
identiﬁed proteins whose levels were altered as a consequence of
defective endo-siRNA production in adult ﬂies. Most of these
changes were associated with genes involved in metabolic pro-
cesses. Interestingly, we also found that dcr-2 mutants had im-
paired energy metabolism at the organismal level. Loss of dcr-2
function resulted in decreased circulating sugar and lipid levels
but elevated glycogen levels. The reduction in lipid stores in dcr-2
mutant ﬂies was associated with their increased sensitivity to
starvation. In addition, dcr-2 mutants exhibited decreased survival
under conditions of oxidative stress, ER stress, and cold stress. Con-
sistent with their enhanced sensitivity to multiple environmental
stresses, dcr-2 mutants had a reduced lifespan.
In addition to siRNA production, Dcr-2 also facilitates RISC load-
ing of siRNA duplexes [34] and appears to be a limiting factor; its
overexpression led to an enhancing effect of RNAi triggered by nu-
clear expressed hairpin dsRNA [35]. However, it has been reported
that overloading the endogenousRNAimachinerymaybedetrimen-
tal, even lethal [36]. This effect can be caused by dysregulation of
other cellular small RNAs. In addition, saturation of cellular RNAi
factors can lead to a loss of antiviral defense. It is presently unclear
whether dcr-2 overexpression could provide beneﬁcial effects on
animal ﬁtness and lifespan. Collectively, we provide evidence that
the endo-siRNA pathway plays a role in the regulation of energy
homeostasis and protection against stress and aging in Drosophila.
Several proteins involved in the stress response were identiﬁed as
being affected by Dcr-2. For example, Hsp27 has been reported to
be involved in resistance to various stresses. Drosophila hsp27 is in-
volved in starvation resistance [23] and its expression is induced by
cold stress [37]. In mammalian cells, ER stress causes Hsp27 phos-
phorylation; this is closely related to the formation of aggresomes,
which is considered a protective response against misfolded pro-
teins [38]. The roles of a particular protein in response to multiple
stresses might account for the hypersensitivity of dcr-2 mutants to
various stressors, but their decreased stress resistance could be a
consequence of altered metabolism. Although a limited set of pro-
teins associatedwithmetabolismwere altered in dcr-2mutants, this
may not be sufﬁcient to explain the changes in lipid and carbohy-
drate metabolism at the organismal level. Several signaling path-
ways have been implicated in the control of energy metabolism in
insects and mammals. For example, the insulin pathway regulates
energy metabolism and growth during animal development and is
also involved in aging [39]. The target of rapamycin pathway that
is regulated by changes in nutrient availability and energy status
also controls glucose and lipid homeostasis by functionally interact-
ing with the insulin pathway [40,41]. We do not currently know
which signaling pathway(s) underlie the dcr-2 mutant phenotypes
resulting from defective endo-siRNA production. However, it is
likely that endo-siRNAs coordinate the expression ofmultiple target
genes that act together to regulate energy homeostasis. Therefore,
future studies of endo-siRNAs that potentially act as key regulators
to control the energy homeotic pathway hold great promise for
revealing the molecular mechanisms underlying metabolic homeo-
stasis that is disrupted by loss of dcr-2 function.Acknowledgements
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